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ABSTRACT Three workers developed classical extrinsic allergic alveolitis while working in a printing
works that had a contaminated cold water humidifier. All had nodular shadows on their chest
radiographs, reduced gas transfer measurements, and lung biopsy specimens that showed an alveo-
litis with giant cells and cholesterol clefts. In two subjects bronchoalveolar lavage was performed
and the lavage fluid contained more than 70% lymphocytes in each case. Bronchial provocation
tests with the humidifier antigen in these two workers reproduced their symptoms. Unlike pre-
viously reported cases, where exposure was to humidifiers working at generally higher temperatures,
challenge with thermophilic actinomyctes in our two patients produced no reaction. Tests for preci-
pitins to the humidifier antigen gave strongly positive reactions in the three workers but no single
organism isolated from the humidifier produced a significantly positive reaction.

Humidifier fever is probably the best recognised ill-
ness associated with exposure to a contaminated
humidifier.! Classically this consists of a work related
influenza like condition that starts when a person
returns to work after a period away.? There is usually
a delay of some four to eight hours before symptoms
occur. Tolerance develops with repeated exposure
and symptoms wane some 48 hours after the return to
work.? The term humidifier lung is currently reserved
for the physiological changes occurring in the lung
after an acute exposure to contaminated humidifier
water. The functional features are a restrictive venti-
latory defect, a reduction in gas transfer, and
occasionally evidence of airways obstruction; mea-
surements obtained before a shift are usually nor-
mal.? Humidifier lung seems to differ from most
forms of extrinsic allergic alveolitis by not giving rise
to radiographic abnormalities or to permanent
changes in lung function (although -clearly such
changes are not necessary for a diagnosis of extrinsic
allergic alveolitis).* This difference may arise because
the specific physical properties of the soluble antigen
of the humidifier droplet differ from those of the par-
ticulate antigens of vegetable dusts.® The prevalence
of humidifier lung in those who complain of
humidifier fever is unknown. The cause or causes of
humidifier lung or indeed humidifier fever itself
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remain unclear, although endotoxins are strongly
implicated in both.®

In 1970 Banaszak and colleagues were the first to
describe extrinsic allergic alveolitis due to a
humidifier occurring among office workers.” All four
workers described had abnormal chest radiographs.
The cause was thought to be a thermophilic organism
similar to Micropolyspora faeni, which was isolated
from the humidifier. Most of the subsequent reports
of humidifier related extrinsic allergic alveolitis with
radiographic abnormalities have been described with
exposure to home cool mist and furnace
humidifiers.® !¢ These contain water that is warm
and may become grossly contaminated with thermo-
philic microorganisms. There have been only five fur-
ther published reports of contaminated industrial and
office cold water humidifiers giving rise to an extrinsic
allergic alveolitis with radiographic abnormal-
ities.!#1772% In two of the cases from the United
States thermophilic organisms have been strongly
implicated, with positive reactions to inhalation chal-
lenges and corresponding precipitins found in the
patients.

Most of the organisms found in these contaminated
humidifiers, such as M faeni, Thermoactinomyces vul-
garis, and Aspergillus fumigatus, are well recognised
as causing extrinsic allergic alveolitis in different cir-
cumstances, such as in farmer’s lung.

We report three cases of extrinsic allergic alveolitis
not due to thermophilic organisms, occurring in
workers in a printing factory who were exposed to a
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Table | Lung function at presentation ( A) and after treatment ( B), expressed as percentages of predicted values

Subject 1 Subject 2 Subject 3

A B(2y) A B(2y) A B(i0y)
FEV, 55 65 70 78 80 100
Forced vital capacity 85 90 82 99 85 85
Total lung capacity 100 100 92 96 70 80
Transfer coefficient 55 60 54 63 52 95
Transfer factor 49 55 45 61 45 75

Table 2 Bronchoalveolar lavage fluid: differential cell
content

Subject 1 Subject 2
Lavage volume (ml) 180 180
Volume returned (ml) 74 45
Cell yield ( x 10¢/ml) 1-1 06
Lymphocytes (%) 75 74-5
Macrophages (%) 17 15
Neutrophils (%) 8 10
Eosinophils (%) 0 0
Epithelial cells (%) 0 05

contaminated humidifier with the water at 15°C.
Case histories

Subject 1 was a 53 year old man who worked as a
progress chaser for 20 years in the printing factory.
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Fig1

Over a period of five months he had noticed
increasing breathlessness on exercise and a persistent
cough. He had lost 4 kg in weight. Before this he had
had nocturnal wheeze and breathlessness and
occupationally related asthma had been demon-
strated.?! He had never kept birds. On examination
he did not have finger clubbing but he did have splin-
ter haemorrhages in his nail beds. Auscultation of his
chest revealed late inspiratory crackles in both mid
and lower zones.

Subject 2 was a 41 year old man who also worked for
the past 20 years in the same printing factory as a
cross cutter. He gave a past history of typical
humidifier fever over the previous five years. For four
months, however, he had noticed increasing cough
and breathlessness with minimal exercise. He had lost
3 kgin weight. Again there was no history of exposure
to birds. Examination showed that he had no finger

Transbronchial lung biopsy from subject 1 showing a giant cell with a cholesterol cleft.
Other features of alveolar wall oedema, proliferation of type Il pneumocytes and interstitial
fibrosis were also present.
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Table 3  Results of precipitating antibody tests

Subject I ~ Subject 2 Subject 3

Aspergillus fumigatus
Micropolyspora faeni
Thermoactinomyces vulgaris
Budgerigar droppings
Budgerigar serum

Pigeon droppings

Pigeon serum

Humidifier antigen

+ 1+t +1 11
+ 1+ 1+
+ 1 +1+1 01

clubbing, but he had both mid and lower zone
crackles and wheezes.

Subject 3 was a 57 year old woman who started work-
ing in the same building as subjects 1 and 2 some 23
years ago. Her initial job was as a fanner and gummer
but most of her time had been spent as an inspector.
Two years after starting work there she developed
typical symptoms of humidifier fever. At the same
time she noticed episodes of chest tightness and
wheezing, which were worse at night and better dur-
ing a period away from work. Ten years later she
developed weight loss, persistent cough, and
increasing breathlessness on exertion. A mass minia-
ture chest radiograph was reported as normal but a
biochemical screening survey at the factory showed a
high serum globulin concentration, which resulted in
her referral. There had been a budgerigar at home
when she was seven. On examination she did not have
finger clubbing, but she did have bilateral crackles
with no wheezes.

Investigations

Chest radiographs in all three workers were abnor-
mal. Scattered, bilateral, nodular shadows were
present, mainly in the mid and lower zones. Initial
lung function tests (table 1) showed considerable air-
ways obstruction in subject 1. Lung volumes were
preserved except in subject 3, but all the workers had
a reduction in gas transfer. Bronchoalveolar lavage in
the two workers in whom it was performed showed
changes typical of extrinsic allergic alveolitis with
appreciably raised lymphocyte counts (table 2). Lung
biopsy specimens were very similar in all three sub-
jects, showing classical features of extrinsic allergic
alveolitis with alveolar wall oedema, interstitial
fibrosis, proliferation of type II pneumocytes, and
giant cells with cholesterol clefts (fig1).

Tests for precipitating antibodies to antigen pre-
pared from sludge found within the humidifier gave
strongly positive reactions in all three workers (table
3). There were no significant precipitating antibodies
to antigens from any of the 70 separate micro-
organisms so far cultured from the humidifier. Precip-
itins to M faeni, A fumigatus, and T vulgaris were also
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absent. All three had precipitins to budgerigar and
pigeon droppings but not to the serum from these
birds. The only one person (subject 3) to give a history
of contact with birds was exposed only during child-
hood.

BRONCHIAL PROVOCATION TESTS

Sludge was collected from the baffle plates contained
within the contaminated humidifier. The material
obtained was treated for five days with Coca’s solu-
tion, dialysed, and then freeze dried. When required
this was reconstituted with 0-9% NaCl to give a con-
centration of 1 mg/ml. Control provocation tests were
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Fig2 Effect of FEV ,, transfer coefficient (Kco), and
temperature in subject 1 after bronchial challenge with 2 mg
humidifier antigen ( continuous line) and a control challenge
with Micropolyspora faeni (interrupted line).
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Table 4 Lung function response to bronchial challenge with humidifier antigen
TLCO Kco
FEV,/FVC (mmol min~* (mmol min~ Temperature
FEV, (1) FVC (1) (%) kPa='1"1) kPa='171) VA (1) (°C)

Subject 1

Baseline 1-62 3-23 50 5-06 0-82 6-21 36-4

Maximum fall 1-03 2:20 47 4-11 0-69 574 38-2

% change 36 32 19 16 8 S
Subject 2

Baseline 2:40 3-85 62 5-78 099 5-89 368

Maximum fall 1-91 3-34 57 430 0-82 5-30 384

% change 20 13 26 17 10 4
Control 1

Baseline 411 5-01 82 12-55 1-85 6-86 362

Maximum fall 402 498 81 11-77 1-70 6-60 368

% change 2 1 6 8 4 1
Control 2

Baseline 491 5-90 83 14-44 1-85 7-83 363

Maximum fall 472 5-75 82 13-38 1-72 7-74 363

% change 4 3 7 7 1 0

FVC—forced vital capacity; TLco—carbon monoxide transfer factor; Kco—transfer coefficient; Va—alveolar volume.

Conversion: SI to traditional units—TLco and Kco: Multiply SI units by 2:99.

performed with M faeni prepared in a similar manner,
again at a concentration of 1mg/ml. Solutions were
nebulised in a Bard nebuliser driven by air for five
minutes, giving a total exposure of 2 mg. Exposure to
this dose, or less, of M faeni has been shown to pro-
duce a positive response in sensitive individuals with
farmers lung.2?

Symptoms, clinical signs, temperature, spirometric
values, and gas transfer were monitored both before
and after the challenge periods.

Results

RESPONSE TO BRONCHIAL PROVOCATION TESTS
Two of the workers (1 and 2) had bronchial provoca-
tion tests performed with antigen prepared from the
humidifier sludge.

Two hours after provocation testing both workers
looked unwell. Thereafter they developed striking
symptoms of headache, generalised aches and pains,
lethargy, chills, and fever.

Subject 1 (fig2) showed an appreciable fall in
FEV,, occurring maximally from four to nine hours
after the challenge and persisting for at least 24 hours.
The gas transfer (TLco) fell by 19% and transfer
coefficient (Kco) by 16% (table 4). These both
returned towards baseline at 24 hours. A similar pat-
tern of response was seen in subject 2, with a fall in
FEV,(20%) and gas transfer (26%) and a rise in tem-
perature to 38-4°C (table 4). Both workers developed
bilateral basal crackles after the provocation tests.
Crackles had been present in both workers on initial
examination but had cleared in the period between
removal from work and provocation testing.

Two non-exposed asthmatic subjects had identical

provocation tests with the same concentration of
humidifier antigen and with identical postchallenge
monitoring. There were no appreciable subjective or
objective changes in either subject (table 4).

FOLLOW UP
Subjects 1 and 2 immediately stopped work. Work
related symptoms of headache, lethargy and gener-
alised aches and pains did not return after exposure
ceased. The splinter haemorrhages in subject 1 disap-
peared within a few days of leaving work. The bilat-
eral crackles also cleared in both men. Radiographic
abnormalities persisted. Subsequently both patients
were treated with oral prednisolone, initially in a dose
of 40 mg daily. There was an increase in weight and
cough gradually resolved in both. Subjective exercise
tolerance also improved to a fixed level—both now
have breathlessness when walking on level ground
with someone of their own age but not when walking
at their own pace. There was considerable clearing of
the radiographic shadowing in both men, subject 2
returning to normal. There was also an initial
improvement in lung function in subjects 1 and 2,
TLco increasing by 6% and 16% and Kco by 5% and
9% respectively; but values remain considerably
reduced and have been static for some time (table 1).
Subject 3 was also treated with steroids but con-
tinued to be exposed at work. At first she felt much
improved, her exercise tolerance increased, and there
was an improvement in lung function. Two years later
her lung function and radiographic appearances dete-
riorated; steroids were increased and azothioprine
was added. Thereafter there was a further
improvement, Kco increasing to 95% and TLco to
75% of predicted values (table 1).
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Discussion

The close control of relative humidity at around 55%
is particularly important in the printing industry,
where changes in moisture content affect the size of
the paper. The humidifiers used in this plant were cold
water spray humidifiers using chilled water at 15°C,
which recirculated from the sump. A proportion of
the air from the works is recirculated through the
system and, as in many other printing works,
the humidifier is particularly prone to bacterial
contamination.

All three patients had had recognisable work
related symptoms of humidifier fever or occupational
asthma or both for some years before a noticeable
change occurred. Their symptoms became persistent,
with weight loss, deteriorating breathlessness, and
cough. Radiographic and histological changes were
very similar in all three cases. A predominantly lym-
phocytic cell count content in the bronchoalveolar
lavage fluid is classically found in either sarcoidosis or
extrinsic allergic alveolitis. Lymphocyte counts
greater than 70% are very rarely found in sarcoidosis
and are more commonly found in extrinsic allergic
alveolitis.2® 2* Kveim biopsy samples were negative
for sarcoidosis in all three workers.

In most cases of extrinsic allergic alveolitis due to
contaminated humidifiers reported from the United
States thermophilic organisms have been isolated
from the humidifiers. Precipitating antibodies to these
organisms were usually found and when performed,
bronchial challenges to these organisms produced
positive responses. In the three patients reported here,
although precipitins to the humidifier antigen were
strongly positive, no single organism so far isolated
from the humidifier or any other thermophilic
organism tested was significantly positive. A pre-
viously reported study of 258 volunteers from this
factory showed precipitins to the humidifier antigen
present in all those workers with humidifier fever.
Although those investigated had not been randomly
sampled, precipitins were also present in 63% of the
symptom free workers.?*

The finding of precipitating antibodies to avian
droppings but not to avian serum, with no appre-
ciable past exposure to birds in two of the subjects,
suggests either that a similar organism occurred in
both the humidifier sludge and the bird droppings or
that cross reacting antibodies are present. In the same
way, precipitating antibodies to budgerigar droppings
but not to budgerigar serum was found in patients
with Japanese summer alveolitis.?® A fungal species,
Trichosporon cutaneum, was found to be common to
the budgerigar droppings and to dust sampled from
the houses. A subsequent bronchial provocation test
using the fungal antigen gave positive responses.
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The changes following exposure to antigen in
patients (mainly bird fanciers) with extrinsic allergic
alveolitis have been carefully studied by Hendrick and
colleagues.* They found that a fall in TLco was
specific but not sensitive. Clinical features of an
unwell appearance, symptoms of malaise, widespread
aches and pains, headache, and fever were the com-
monly found changes in patients in whom the disease
was classically that of extrinsic allergic alveolitis. Qur
patients showed similar features after exposure. The
specificity of the response in our patients was shown
by the complete lack of subjective or objective change
after the same provocation testing in two non-
exposed asthmatic subjects. Although patients with
humidifier fever may show similar changes on provo-
cation testing, such as a reduced gas transfer, these
changes do not persist after they have been removed
from exposure.2 27

The cause or causes of humidifier related lung dis-
ease remains unclear. The endotoxic components of
Gram negative bacteria have been strongly implicated
in the production of humidifier fever. High levels of
endotoxin have been found where water has become
grossly contaminated with Gram negative bacteria.
This has been found to occur in humidifiers with
organisms such as Pseudomonas® and also in lake
water, where inhalation challenges with the con-
taminated water reproduced the symptoms.?®
Inhalation challenges with humidifier water have also
been performed where the reaction was thought
unlikely to be due to endotoxin. Edwards and
Cockcroft?” reproduced humidifier fever in some sen-
sitive individuals. They considered, however, that the
reaction was unlikely to be caused by endotoxin
because no reaction occurred in rabbits after they had
been inoculated intravenously with a concentrate of
the humidifier water. Challenges solely with endo-
toxin, until recently, had not mimicked the typical
features of humidifier fever.?® Recently Rylander®®
performed inhalation challenges using different endo-
toxin preparations of Enterobacter agglomerans on
symptomless, previously unexposed individuals. He
found falls in FEV, and TLco and a pyrexial response
to inhalation challenge with the purified endotoxin,
but there was no fall in TLco when he used endotoxin
associated with the cell wall. Others performing simi-
lar endotoxin challenges in unexposed subjects have
obtained different results, with a fall in TLco but no
symptomatic effects and little change in spirometric
values.?! Further evidence of a possible bacterial
cause of humidifier alveolitis has come from the iso-
lation of Cytophagia allerginiae from the humidifier
water in a textile works were an outbreak of alveolitis
occurred.?? Out of the 700 organisms found, this
endotoxin containing, Gram negative bacterium
appeared to be the organism causing the alveolitis.
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The specificity was determined by serological testing
only and no inhalational challenges have yet been
reported.

The factors determining the host’s reaction to a
contaminated humidifier remain unknown. The bac-
terial source of the antigen, its mode of delivery
whether it is soluble or particulate, the dose, and the
host’s susceptibility must all be considered.

Contaminated humidifiers should be thought of as
a possible occult cause of extrinsic allergic alveolitis in
cases where no obvious reason has been found.

Thanks are due to Dr CW Edwards for preparation
and interpretation of the histological specimens. ASR
is funded by a Sheldon fellowship administered by the
West Midlands Regional Health Authority.
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